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INTRODUCTION 
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, .  
. .  
This  r e p o r t  summarizes t h e  r e s u l t s  of  a developmental  e f f o r t  on a ruggedized 
TV camera undertaken by t h e  Ryan Aeronau t i ca l  Company on 9 January 1967 
and ex tending  through 11.August 1967. 
cover ing  c o n t r a c t ,  JPL Number 951572, (see Appendix A) d e s c r i b e s  t h e  t a s k  
as p r i + r i l y  a r edes ign  o f ,  t h e  Mariner C . t e l e v i s i o n  camera u t i l i z i n g  con-‘ 
. temporary.’components and techniques t o  r e a l i z e  .an immunity t o  t h e  . e f f e c t s  . 
of s t e r i l i z a t i o n  and h igh  impact shock. A. complete f u n c t i o n a l  ruggedized 
imaging system breadboard’was designed, developed and t e s t e d .  The des ign  
inco rpora t e s  f e a t u r e s  which, when advanced t o  t h e  pro to type  s t a g e ,  w i l l  
c o n t r i b u t e  s i g n i f i c a n t  r e s i s t a n c e  t o  t h e  e f f e c t  of h igh  impact shock 
and s t e r i l i z a t i o n  procedures .  Operating a t  th ree - fou r ths  t h e  power o f . t h e  . . 
The s t a t emen t  of work from t h e  
. .  . . . .  
’ 
. .  
. .  
* Mariner C.imaging system, t h e  measured performanre.was s u p e r i o r  tQ ’ t h a t  . 
of i t s  predecessor .  
when pa.ckaged as t h e  Mariner C imaging system. . 
It would a l so  be  cons ide rab le  l i g h t e r  and smaller 
. .  . .  
.. . 
. . . .  
. . .. 
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SECTION 2 
SUMMARY 
1. Design Task - The des ign  t a s k  for  t h e  most p a r t  i s  desc r ibed  i n  t h e  
c o n t r a c t ' s  s ta tement  of workwhich is  given i n  Appendix A. 
des ign  t a s k  w a s  t o  des ign ,  bu i ld ,  and tes t  a breadboard of a televi-  
s i o n  camera having roughly twice t h e  performance of t h e  Mariiier C 
t e l e v i s i o n  camera, b u t  be  30% smaller and 20% l i g h t e r ,  have 25% less 
power consumption and be  ab le  t o  s u r v i v e  s t e r i l i z a t i o n  and 30CO g ' s  
impact. The t a s k  w a s  t o  L e  completed by a des ign  s p e c i a l i s t ,  a j u n i o r  
engineer  and a t e c h n i c i a n  i n  s i x  months. The des ign  t a s k  w a s  completed 
i n  seven months. A p o r t i o n  of t h e  a d d i t i o n a l  month expended w a s  t h e  
r e s u l t  of a change from e l e c t r o s t a t i c  t o  magnetic d e f l e c t i o n  of t h e  
vidicon.  
System ve r sus  Mariner C Imaging System c h a r a c t e r i s t i c s .  
The 
Table  1 p r e s e n t s  the des ign  goa l s  of t h e  Ruggedized Imaging 
2. Design Fea tu res  - Fea tu res  of t h e  des ign  which make i t  immune t o  com- 
ponent v a r i a t i o n s  and extremes of environment inc lude  t h e  fol lowing:  
a. A synchronous t iming system coord ina ted  through t h e  u s e  of a 
completely i n t e g r a t e d  t iming cha in  and l o g i c  t o  t h e  b a s i c  1.54 m c  
c lock.  
b. Opera t iona l  type  i n t e g r a t o r s  w e r e  used f o r  t h e  d e f l e c t i o n  c i r c u i t s  
t o  o b t a i n  h i g h  s t a b i l i t y  and p rec i s ion .  Tantalum c a p a c i t o r s  were 
e l imina ted  from u s e  i n  t iming and s i g n a l  genera t ion .  
c. A high  input  impedance ana log- to-d ig i ta l  conve r t e r  wi th  a measured 
e r r o r  of o n e - f i f t h  of t h e  smallest level  of q u a n t i z a t i o n  over  a 
temperature  range  nf -SO'C t o  +1OO0c. 
d. Inhe ren t ly  s t a b l e  s t ages  of a m p l i f i c a t i o n  having bandpass charac- 
terist ics and us ing  i n t e g r a t e d  o p e r a t i o n a l  a m p l i f i e r s .  
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e. A p r e c i s i o n  video d e t e c t o r  having an o r d e r  of magnitude b e t t e r  
l i n e a r i t y  than  t h e  Mariner C Detector .  
f .  A s impler ,  more r e l i a b l e ,  s h u t t e r  d r i v e  c i r c u i t  than  t h a t  used i n  
t h e  Mariner C system. 
Due t o  l i m i t a t i o n  of t i m e  and funds ,  c e r t a i n  compromises were made i n  
n o n c r i t i c a l  areas. These compromises included t h e  fo l lowing  items: 
a. Simple power supply design. 
b. The use  of r e s t r i c t e d  range r a t h e r  than  f u l l  MIL t y p e  i n t e g r a t e d  
c i r c u i t s .  
c .  The use  of components which would n o t  be  used i n  t h e  pro to type .  
d. The l i m i t a t i o n  of temperature  t e s t i n g  t o  c r i t i c a l  c i r c u i t s .  
S p e c i a l  emphasis w a s  p laced  on areas of des ign  which were judged t o  
b e  c r i t i c a l  t o  performance o r  were considered t o  b e  p o t e n t i a l l y  sens i -  
t i ve  t o  t h e  e f f e c t s  of s t e r i l i z a t i o n  o r  shock. 
3. Brief  System Desc r ip t ion  - A f u n c t i o n a l  b lock  diagram of t h e  ruggedized 
TV system i s  shown i n  F igure  2 .  
image which is allowed t o  s t r i k e  t h e  photoconductor on t h e  f a c e  p la te  
of t h e  v id i con  when t h e  s h u t t e r  is  opened. 
is provided by an  e l e c t r o n  beam which i s  scanned by t h e  v e r t i c a l  and 
h o r i z o n t a l  d e f l e c t i o n  c i r c u i t s .  The d e f l e c t i o n  c i r c u i t s  d r i v e  c o i l s  i n  
t h e  magnetic yoke. 
a t  a 76 KHz rate t o  i n c r e a s e  s e n s i t i v i t y  and provide a carrier f o r  t h e  
v ideo  s i g n a l .  
proceeds through t h e  RF ampl i f i e r  and f i l t e r , w h e r e  i t  i s  f i l t e r e d ,  ampli- 
f i e d  and app l i ed  t o  a t t e n u a t o r s  which are c o n t r o l l e d  by t h e  ga in  c o n t r o l  
The inpu t  t o  t h e  system is a v i s u a l  
Readout of t h e  photoconductor 
The e l e c t r o n  beam is  modulated by t h e  beam modulator 
The ampli tude modulated video s i g n a l  from the v id i con  
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computer so  t h a t  t h e  s i g n a l  e n t e r i n g  t h e  d e t e c t o r  i s  maintained n e a r  
an optimum level.  
of fo l lowing  s t a g e s .  The d e t e c t o r  r ecove r s  t h e  v ideo  informat ion  and a 
keyed clamp r e s t o r e s  t h e  d.c. l e v e l  b e f o r e  sending  t h e  s i g n a l  t o  t h e  
encloder .  The encoder p e r i o d i c a l l y  samples t h e  d.c.  r e s t o r e d  video 
s i g n a l  and conver t s  i t  t o  a 6 b i t  b ina ry  number equ iva len t  t o  t h e  v ideo  
level. The r e s u l t a n t  p u l s e  code modulated s i g n a l  is  then  s e n t  t o  ou tpu t  
b u f f e r s  where i t  and a s soc ia t ed  sync s i g n a l s  are buf fe red  f o r  i n t e r f a c e  
wi th  o t h e r  eqiiipmeiit. The PCM signal. i s  a l s o  seiit to t h e  g a i n  contro: 
computer where t h e  l e v e l  information is used t o  determine the r e q u i r e d  
a t t e n u a t o r  s e t t i n g s  f o r  optimum input  t o  t h e  d e t e c t o r .  The c lock  and 
t iming b lock  con ta ins  a 1.54 MHz c lock ,  a d i v i d e r  cha in ,  and l o g i c  
where a l l  t iming and c o n t r o l  s i g n a l s  are genera ted .  
(not  shown) supply a l l  dc  vo l t ages  t o  t h e  system. 
Gain con t ro l  is  a l s o  r e q u i r e d  t o  prevent  s a t u r a t i o n  
Power s u p p l i e s  
4. Performance - The performance of t h e  ruggedized imaging system bread- 
board exceeded t h e  Mariner C des ign  s p e c i f i c a t i o n  by approximately 
a f a c t o r  of two i n  many areas .  S i g n i f i c a n t  performance parameters  
are summarized below: 
a. R e l a t i v e  response i s  17% f o r  a 400 l i n e  p a t t e r n .  
b. Signal- to-noise  r a t i o  i s  43.6 db f o r  0 .1  foot-candle-seconds 
i l l umina t ion .  
c. Encoding r e s o l u t i o n  is 21 b i t  o r  1 p a r t  o u t  of 63  (1 .6%).  
d .  Encoding e r r o r  i s  less than 20.2 b i t  o r  t0.32% over  a temperature  
range - 5 O O C  t o  100°C. 
e. Scan n o n l i n e a r i t y  is  less than  0.5%. 
Photographs of images taken by t h e  camera as d i sp layed  on a monitor 
are given i n  F igure  3 .  
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5. Hardware Status - At the conclusion of the task a complete functional 
ruggedized imaging system breadboard was left at JPL. 
system, taken during the evaluation tests, is shown in Figure 1. 
A picture of the 
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SECTION 3 
CONSIDERATIONS GIVEN TO MEET 
SPECIAL ENVIRONMENTAL CONDITIONS 
The s p e c i a l  environmental  test  condi t ions  t o  which t h e  ruggedized TV 
camera w i l l  b e  sub jec t ed  and must wi ths tand  are: 
a. Shock - +3000 g modified square wave, 0.1 m s  r ise t i m e ,  3 m s  
du ra t ion ,  0 .1  m s  f a l l  time. 
b. S t e r i l i z a t i o n  
1) 12% ET0/88% Freon 1 2  gas  exposure a t  5OoC and 35-55 R.H. 
-6 cyc le s ,  30 hours  each. 
0 2) 6 cyc le s ,  96 hours each, a t  135 C i n  a d ry  n i t r o g e n  atmosphere. 
1. General - It is  d e s i r a b l e  t o  u s e  t h e  breadboard des ign  as a b a s i s  
f o r  a pro to type  development 'which w i l l  b e  s u b j e c t  t o  t h e  excep t iona l ly  
r igo rous  environmental  condi t ions  of  s t e r i l i z a t i o n  and hi-impact shock. 
It w a s  t h e r e f o r e ,  important  t o  embody i n  t h e  breadboard phase of devel-  
opment, an appropr i a t e  p a r t  of t h e  t o t a l  p l a n  t o  r e a l i z e  " s t e r i l i z a b i l i t y "  
and " impact ib i l i ty" .  
imaging system w i l l  be  achieved through concen t r a t ion  of e f f o r t  i n  f o u r  
primary areas: 
S t e r i l i z a b i l i t y  and i m p a c t i b i l i t y  of t h e  ruggedized 
a. System and C i r c u i t  Design 
b. P a r t s  and Materials Se lec t ion  
c. Packaging 
d. Tes t ing  and Evaluat ion 
I n  t h e  r e c e n t l y  concluded e f f o r t ,  primary emphasis was p laced  i n  t h e  
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area of system and c i r c u i t  design.  
s e l e c t e d  from t h e  J P L  E lec t ron ic  P a r t  S t e r i i i z a t i o n  Candidates  l i s t  
and JPL and Ryan p re fe r r ed  p a r t s  l ists. 
based upon recommendations from component s p e c i a l i s t s ,  in format ion  
gathered from a v a i l a b l e  r epor t s  on t h e  e f f e c t s  of s t e r i l i z a t i o n  and h i -  
impact shock on components, and y e a r s  of exper ience  i n  t h e  des ign  of 
m i l i t a r y  and space e l e c t r o n i c  equipment. Microe lec t ronic  c i r c u i t s  
were surveyed f o r  a p p l i c a b i l i t y  t o  t h e  program and t h o s e  which seemed 
s u i t a b l e  were s e l e c t e d  f o r  eva lua t ion  and use.  
Component p a r t s  were p r e f e r e n t i a l l y  
The use  of u n l i s t e d  p a r t s  w a s  
2. Design Guides - To assist i n  achievement of t h e  d e s i r e d  g o a l s , t h e  f o l -  
lowing s e t  of des ign  guides  was e s t a b l i s h e d :  
a. Design f o r  t h e  r equ i r ed  s y s t e m  performance. 
b. Design f o r  minimum s i z e  and weight.  
c. Design f o r  minimum power consumption c o n s i s t e n t  w i t h  t h e  preceding  
t w o  po in t s .  
d. S e l e c t  components, i n  accordance wi th  t h e  fo l lowing  guides:  
1) Minimize t h e  u s e  of  e lectro-mechanical  components; e.g. p o t s ,  
r e l a y s ,  s t epp ing  swi tches ,  etc. 
2) Avoid l a r g e  mass components l i k e  most t ransformers  and l a r g e  
capac i to r s .  Attempt t o  keep a l l  component h e i g h t s  below 0.4 
inch. 
3) Where poss ib l e ,  avoid t h e  u s e  of even s m a l l  t r ans fo rmers .  
4) Where poss ib l e ,  s e l e c t  components from t h e  JPL  E l e c t r o n i c  P a r t  
S t e r i l i z a t i o n  Candidates l ist ,  JPL P r e f e r r e d  P a r t s  L i s t ,  Ryan 
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Space P r o j e c t s  P re fe r r ed  P a r t s  l i s t ,  o r  MIL specs ,  i n  o rde r  
of preference .  I n  the event  t h a t  t h e  s e l e c t e d  component is 
n o t  a v a i l a b l e ,  u se  in-house components f o r  t h e  breadboard,  
b u t  c a l l  o u t  t h e  p re fe r r ed  p a r t  on the schematic .  
3. Design Fea tures  - The requirement t o  improve performance and t h e  r equ i r e -  
ment t o  des ign  i n  r e s i s t a n c e  t o  t h e  e f f e c t s  of shock and s t e r i l i z a -  
t i o n  were gene ra l ly  compatible. I n  every case b u t  one where t h e r e  is  
increased  complexity o r  p a r t s  count over  t h e  Mariner C, t h e r e  i s  j u s t i -  
f i c a t i o n ,  no t  only i n  performance improvement, b u t  i n  t h e  e l i m i n a t i o n  
of p a r t s  t h a t  w e r e  excep t iona l ly  s e n s i t i v e  t o  shock and/or  s t e r i l i z a -  
t i o n .  The one except ion  w a s  t h e  p r e c i s i o n  d e t e c t o r ,  where improved 
performance w a s  t h e  only b e n e f i t .  The use  of t h e  r e l a t i v e l y  non- l inear  
Mariner C d e t e c t o r ,  though much s impler ,  would have caused as much as 
7 DN ( b i t s )  e r r o r  ( g r e a t e r  than 50%) a t  t h e  low inpu t  l e v e l s .  The 
measured e r r o r  of t h e  p r e c i s i o n  d e t e c t o r  throughout i ts  dynamic range 
w a s  50.25 DN o r  +1%, whichever i s  g r e a t e r .  
The fo l lowing  des ign  f e a t u r e s  c o n t r i b u t e  t o  system r e s i s t a n c e  t o  shock 
and/or  s t e r i l i z a t i o n .  
a. Timing - A l l  t iming  is synchronized t o  a 1.54 mc master clock.  
Although t h e  f l i p  f l o p s  and g a t e s  have de lays ,  they  are s m a l l  
and s p e c i f i e d .  
b. Ampl i f ie rs  - The t h r e e  s i g n a l  a m p l i f i e r s  employ i n t e g r a t e d  c i r c u i t  
o p e r a t i o n a l  a m p l i f i e r s  and feedback. 
by t h e  feedback and input  r e s i s t o r s  (which can b e  p r e c i s i o n ,  low 
temperature  c o e f f i c i e n t  types)  h igh  ga in  s t a b i l i t y  can be  achieved,  
thus  g iv ing  cons ide rab le  r e s i s t a n c e  t o  environmental ly  induced 
paramet r ic  changes.  
frequency v a r i a n t  feedback t o  g ive  d e s i r a b l e  bandwidth c h a r a c t e r i s -  
t i cs .  Combining t h e  f i l t e r i n g  and a m p l i f i c a t i o n  i n  the a c t i v e  
f i l t e r  p rovides  a f i v e  t o  t e n  t i m e s  r educ t ion  i n  t h e  r equ i r ed  induc- 
tor s i z e ,  and being low Q f i l t e r s ,  s m a l l  changes i n  L o r  C w i l l  n o t  
s e r i o u s l y  a f f e c t  performance. 
With ga in  determined p r i m a r i l y  
The 40 ga in  and 100 ga in  a m p l i f i e r s  i n c o r p o r a t e  
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c. Def l ec t ion  C i r c u i t s  - Feedback i n t e g r a t o r s  were developed i n  which 
t h e  c r i t i c a l  c a p a c i t o r  could b e  much smaller than  i n  t h e  Mariner 
C system. 
a c  :urate  polycarbonate  o r  t e f l o n  c a p a c i t o r s ,  r a t h e r  than  tantalum. 
This made it p r a c t i c a l  t o  u s e  much more s t a b l e  and 
d. General  - Except f o r  po t s ,  which w i l l  b e  removed i n  t h e  pro to type ,  
and t h e  s h u t t e r ,  there a r e  no e lec t romechanica l  p a r t s  i n  t h e  system. 
There are no tantalum or ceramic c a p a c i t o r s  used i n  t iming o r  s i g n a l  
generat ion.  There are no t r ans fo rmers ,  except  t h e  r equ i r ed  power 
supply t ransformers ,  and only two small induc to r s .  
4 .  P a r t s  - Elec t ron ic  p a r t s  were s e l e c t e d  from t h e  JPL E l e c t r o n i c  P a r t  
S t e r i l i z a t i o n  Candidates  L i s t ,  JPL P r e f e r r e d  Par ts  L i s t ,  Ryan Space 
P r o j e c t s  P re fe r r ed  P a r t s  L i s t ,  o r  MIL Specs,  i n  o r d e r  of preference .  
Other components which are expected t o  be s e n s i t i v e  t o  t h e  s p e c i a l  
environment are t h e  v id i con ,  o p t i c s ,  and t h e  s h u t t e r .  
RCA has  l e d  t o  t h e  development of a v i d i c o n  t h a t  w i l l  m e e t  t h e  steri l i-  
z a t i o n  and shock requirement.  A s  f a r  as is known, t h e r e  are no a v a i l -  
a b l e  hyper-ruggedized s h u t t e r  o r  o p t i c s .  The i r  development, o r  a l te r -  
natives t o  t h e i r  use ,  are under cons ide ra t ion  a t  JPL. 
f e r r e d  p a r t s  used i n  t h e  breadboard inc lude  polycarbonate  c a p a c i t o r s ,  
po ten t iometers ,  and two l a r g e  tan ta lum s t o r a g e  c a p a c i t o r s  i n  t h e  s h u t t e r  
d r i v e  c i r c u i t .  Potent iometers  are used i n  t h e  breadboard f o r  ease of 
adjustment ,  and would b e  rep laced  by f i x e d  r e s i s t o r s  i n  a p ro to type  model. 
Large tantalum s t o r a g e  c a p a c i t o r s  were used t o  supply s u r g e  c u r r e n t  
demands f o r  t h e  s h u t t e r  c i r c u i t  of t h e  Mariner C s h u t t e r .  Because of 
u n c e r t a i n t y  i n  t h e  f i n a l  s h u t t e r  mechanism f o r  t h e  ruggedized imaging 
Work performed by 
Some non-pre- 
system, l a r g e  c a p a c i t o r s  were a g a i n  used t o  d r i v e  t h e  Mariner C type  
s h u t t e r .  
c u r r e n t s  r equ i r ed  f o r  t h i s  s h u t t e r  and hence t h e  need f o r  l a r g e  capa- 
c i t o r s .  
are of some concern due t o  repor ted  f a i l u r e s  du r ing  s t e r i l i z a t i o n .  
is reason t o  b e l i e v e ,  however, t h a t  burn ing  i n ,  pre-cycl ing,  and screening ,  
w i l l  r e s u l t  i n  t h e  a v a i l a b i l i t y  of s u i t a b l e  polycarbonate  c a p a c i t o r s .  The 
An e f f o r t  should be made t o  e l i m i n a t e  t h e  need f o r  h i g h  s u r g e  
The use  of polycarbonate  c a p a c i t o r s  i n  t h e  d e f l e c t i o n  c i r c u i t s  
There 
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u s e  of t h e s e  c a p a c i t o r s  should be v e r i f i e d  a t  t h e  earliest oppor tuni ty .  
Although t e f l o n  c a p a c i t o r s  could b e  used, they  are several t i m e s  l a r g e r  
than  t h e  polycarbonate  type.  
I n  t h e  ruggedized imaging system breadboard, two types  of hybr id  cir- 
c u i t s  are used, v o l t a g e  r e g u l a t o r s  made by General Ins t rument ,  and 
ana log  FET swi tch  d r i v e r s  made  by S i l i c o n i x .  Although t h e  schedule  
d i d  n o t  permit  r i go rous  eva lua t ion  of t h e s e  hybr ids  under d i f f e r e n t  
environments,  no malfunctions o r  o u t  of s p e c i f i c a t i o n  performance w a s  
noted.  
T r a n s i s t o r s ,  i n t e g r a t e d  c i r c u i t s  and hybr ids  are commonly s p e c i f i e d  
and t e s t e d  t o  above 10,000 g of a c c e l e r a t i o n .  Both t r a n s i s t o r s  and 
i n t e g r a t e d  c i r c u i t s  i n  general  can  meet t h e  h e a t  s t e r i l i z a t i o n  r equ i r e -  
ment. 
been p r imar i ly  a t t r i b u t e d  t o  poor q u a l i t y  c o n t r o l .  Therefore ,  i t  is  
be l i eved  t h a t  f a i l u r e  du r ing  s t e r i l i z a t i o n  could be  g r e a t l y  reduced by 
a c c e l e r a t i o n  t e s t i n g ,  temperature  cyc l ing ,  burn-in,  and screening .  
Consider ing t h e  r e l a t i v e l y  few numbers of ruggedized imaging systems 
which w i l l  b e  b u i l t ,  t h e  a d d i t i o n a l  c o s t  of such t e s t i n g  t o  weed ou t  
F a i l u r e s  dur ing  h e a t  s t e r i l i z a t i o n  of i n t e g r a t e d  c i r c u i t s  have 
marginal  dev ices  is  worthwhile. 
The u s e  of hybr ids  o f f e r s  g rea t  p o t e n t i a l  r educ t ions  i n  s i z e  and weight.  
I n  a d d i t i o n ,  r e l i a b i l i t y  i s  enhanced because i n t e r n a l  components and 
t h e i r  i n t e rconnec t ions  opera te  w i t h i n  a he rme t i ca l ly  s e a l e d  environ- 
ment. Reduction of s i z e  t o  a r easonab le  l i m i t  could b e  accomplished 
by implementing as many func t ions  as p o s s i b l e  wi th  commercially a v a i l -  
a b l e  i n t e g r a t e d  c i r c u i t s  and hybr ids ,  and custom h y b r i d i z i n g  t h e  remain- 
ing c i r c u i t r y .  Short  t e r m  thermally induced parameter v a r i a t i o n s  i n  
hybr ids  are minimized by p l ac ing  components on t h e  same s u b s t r a t e .  
can b e  used t o  g r e a t  advantage i n  r e s i s t o r  networks where r a t i o s  r a t h e r  
than a b s o l u t e  va lues  are cf p r i m e  i q o r t a n c e .  
This  
The p a r t s  r e fe renced  i n  t h e  par ts  l i s t , w i t h  t h e  except ions  no ted , a re  
be l i eved  t o  be t h e  b e s t  p a r t s  a v a i l a b l e  f o r  t h e  ruggedized imaging system. 
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SECTION 4 
TECHNICAL DESCRIPTION 
This  s e c t i o n  conta ins  both a d e s c r i p t i o n  o f  t h e  system and a b r i e f  des-  
c r i p t i o n  o f  t h e  c i r c u i t r y .  
e s t e d  i n  t h e  system c i r c u i t  d e s c r i p t i o n  has  been i n s e t .  
Diagram o f  t h e  ruggedized imaging system is shown i n  Figure 5 .  
matic Diagram i s  given i n  Figure 7 .  
are generated ir, t h e  CLOCK AID D I V I D E R  CMIN aiid TIMING GENERATOR and 
CONTROL LOGIC blocks.  
countdown s t ages  are represented  by t h e  CLOCK AND D I V I D E R  CHAIN.  
t h e  s i g n a l s  from t h e  d i v i d e r  chain are used d i r e c t l y  bu t  most of  t h e  system 
t iming and c o n t r o l  s i g n a l s  a r e  developed by t h e  TIMING GENERATOR and LOGIC 
c i rcu i t s  l o g i c a l l y  s e l e c t i n g  and combining s i g n a l s  from t h e  d i v i d e r  cha in .  
Key system timing and c o n t r o l  s i g n a l s  are i d e n t i f i e d  i n  t h e  block diagram. 
Timing c h a r t s  a r e  contained i n  F igures  6A through 6E. The i d e n t i t y  numbers 
2 through 28 on Figure 6A and 6B i d e n t i f y  t h e  s i g n a l s  which w i l l  be  seen  a t  
p i n s  9 of f l i p - f l o p s  9040-2 through 9040-28. 
To s e p a r a t e  t h e  two f o r  those  p r imar i ly  i n t e r -  
The Detail Block 
The Sche- 
A l l  system t iming and l o g i c  s i g n a l s  
The 1.54 MHz c lock  and a success ion  of  f l i p  f l o p  
Some o f  
A l l  t iming and con t ro l  c i r c u i t r y  i s  on c i r c u i t  boards 1 and 2 .  
A l l  IC's are i d e n t i f i e d  by two numbers, an I C  number and t h e  
type number wi th  a dash and another  number which r e f e r s  only 
t o  t h a t  type ;  e .g .  t he re  w i l l - b e  a (DTLPuL) 9040-1, 9042-2, 
(DTuL) 951-1, 933-1, e t c .  This  nomenclature was ass igned  dur ing  
t h e  developmental s t ages  and c a r r i e d  over  because it is  more 
use fu l  t han  t h e  I C  r e fe rence  des igna to r s  when r e f e r r i n g  t o  t h e  
schematic.  
The clock is comprised of  2 c r o s s  coupled monostable mul t iv ib ra -  
t o r s ,  DTuL 951-1 and - 2 .  This  c lock conf igu ra t ion  was chosen 
because it i s  adequately s t a b l e ,  uses  t h e  same supply a s  t h e  r e s t  
of  t h e  l o g i c  and is simple.  
or s i g n a l s  would probably be  supp l i ed  from an e x t e r n a l  source .  
The d i v i d e r  cha in ,  comprised o f  f l i p  f l o p s  'DTLPpL 9040-2 . through 
In  a mission a primary t iming s i g n a l  
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-28 i s  contained on bo th  T I M I N G  and CONTROL boards  and w a s  s p l i t  
t o  minimize the number of Board 1 and Board 2 in t e rconnec t ions .  
These two boards w i l l  be  r e tu rned  t o  la ter .  
Besides provid ing  r equ i r ed  s i g n a l s  f o r  s i g n a l  p rocess ing  the T I M I N G  GENERA- 
TOR and CONTROL LOGIC b locks  provide d i g i t a l  t iming  and c o n t r o l  s i g n a l s  f o r  
what may be  descr ibed  as s e r v i c e  func t ions .  These f u n c t i o n s  w i l l  b e  des- 
c r ibed  as service func t ions .  
through a complete camera cyc le .  
These f u n c t i o n s  w i l l  b e  desc r ibed  wh i l e  going 
Approximately 80 msec b e f o r e  a readout  pe r iod  beg ins  t h e  SHUTTER DRIVERS 
receive an  open s h u t t e r  command and t h e  s h u t t e r  so l eno id  is energized.  
causes  t h e  normally c losed  s h u t t e r  t o  r o t a t e  45O t o  an  open p o s i t i o n .  
106.3 msec o r  212.6 msec, determined by t h e  G A I N  CONTROL COWUTER, a c l o s e  
s h u t t e r  command i s  received by t h e  SHUTTER DRIVERS and t h e  s h u t t e r  r o t a t e s  
ano the r  45 I f  t h e  s h u t t e r  is a c c i d e n t a l l y  l e f t  i n ,  
This  
A f t e r  
0 t o  a c losed  p o s i t i o n .  
o r  somehow j a r r e d  t o  an i n i t i a l l y  open p o s i t i o n  t h i s  i s  sensed by r a i s e d  
p o s i t i o n s  on a cam a t t ached  t o  t h e  s h u t t e r  s h a f t  a c t u a t i n g  a microswitch,  
which, i n  conjunct ion wi th  l o g i c  in  t h e  T I M I N G  GENERATOR and CONTROL LOGIC 
b lock ,  genera tes  a s i g n a l  which i n h i b i t s  t h e  c l o s e  s h u t t e r  pu lse .  
s h u t t e r  a c c i d e n t a l l y  s t a r t e d  i n  the open s h u t t e r  p o s i t i o n ,  t h e  open s h u t t e r  
command c losed  i t  and s i n c e  t h e  close s h u t t e r  command w a s  i n h i b i t e d ,  i t  is  i n  
t h e  c o r r e c t  c losed  p o s i t i o n  ready f o r  t h e  next  p i c t u r e  t a k i n g  cyc le .  
S ince  t h e  
The s h u t t e r  d r i v e  c i r c u i t r y  i s  on Board 1 A .  44, 46 and 42 are 
used i n  t h e  open s h u t t e r  c i r c u i t r y  wh i l e  43, 45 and Q 1  are used 
i n  t h e  c l o s e  s h u t t e r  c i r c u i t r y .  C 1  and C2 s t o r e  t h e  energy f o r  
t h e  two so lenoid  a c t u a t i o n s  and are charged between s h u t t e r  per- 
i ods  through R2 and R 1  r e spec t ive ly .  
Fol lowing t h e  s h u t t e r  per iod  t h e  G 1  SWITCH r e c e i v e s  a s i g n a l  which causes  
G 1  t o  swi tch  t o  normal readout  p o t e n t i a l .  The G1 SWITCH a l s o  con ta ins  a 
v o l t a g e  r e g u l a t o r  t h a t  ho lds  the p o t e n t i a l  and main ta ins  the r i p p l e  a t  a 
l o w  l e v e l .  
t o  be a t  a less nega t ive  p o t e n t i a l  t o  i n c r e a s e  beam and t a r g e t  c u r r e n t ,  
which w a s  intended t o  c o n t r i b u t e  to e r a s i n g  r e s i d u a l  s i g n a l .  Measurements 
During t h e  e r a s e  period t h e  swi tch  causes  the G 1  SWITCH output  
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i n d i c a t e  t h a t  t h i s  erase system is i n e f f e c t i v e  on t h e  v id i cons  t e s t e d .  
The G1 SWITCH is  on Board 1. Q102, 4103 and 4104 comprise t h e  
r e g u l a t o r  whi le  Ql05 and 4106 provide  t h e  swi tch  func t ion .  
R107 a d j u s t s  t h e  readout  v o l t a g e  and R115 sets t h e  erase vo l t age .  
Scanning of t h e  photoconductor dur ing  readout  i s  provided by t h e  SWEEP 
CIRCUITS. 
is expanded 10% s o  t h a t  t h e  erased area w i l l  over lap  t h e  readout  area. This 
f u n c t i o n  i n  t h e  ver t ica l  sweep i s  provided by t h e  d i t h e r  s i g n a l  which super- 
imposes a 4.8 KHz t r i a n g u l a r  wave on t h e  v e r t i c a l  retrace s i g n a l .  
d i t h e r  s i g n a l  w a s  expected t o  enhance t h e  erase process  b u t  proved i n e f -  
f e c t i v e  a lone  o r  i n  conjunct ion  wi th  t h e  G1 switch.  
JPL i n v e s t i g a t i o n  of e f f e c t i v e  erase techniques  i n d i c a t e  t h a t  t h e  d i t h e r  
s i g n a l  w i l l  s e r v e  no u s e f u l  pu rpose , i t  should b e  removed and ve r t i ca l  over- 
s can  c a p a b i l i t y  added t o  t h e  vertical sweep c i r c u i t .  
During t h e  r e t r a c e  and erase pe r iods  t h e  h o r i z o n t a l  sweep s i g n a l  
The 
If t h e  r e s u l t s  of t h e  
The sweep c i r c u i t s  are on Board 4 .  The 25 msec h o r i z o n t a l  scan 
s i g n a l  is  provided by us ing  a pA709 i n t e g r a t e d  o p e r a t i o n a l  ampli- 
f i e r ,  IC401, i n  an i n t e g r a t o r  c i r c u i t  wi th  c u r r e n t  s ens ing  pro- 
v i d i n g  t h e  feedback s i g n a l .  C405 is t h e  i n t e g r a t o r  c a p a c i t o r .  
A t  t h e  conclus ion  of the  25 msec h o r i z o n t a l  sweep 4402 is  a c t u a t e d ,  
which d i scha rges  t h e  c a p a c i t o r  and r e t u r n s  t h e  ou tpu t  t o  a leve l  
determined by t h e  s e t t i n g  of R409. 4400 and 4401 provide  changes 
i n  t h e  o p e r a t i o n a l  a m p l i f i e r  i npu t  levels dur ing  ve r t i ca l  retrace 
which e f f e c t  h o r i z o n t a l  overscan. The D l l l F  ana log  FET d r i v e r  
IC400 is  a l o g i c  level conve r t e r .  The 13.6 sec ver t ica l  readout  
and retrace sweeps r e q u i r e  much l a r g e r  t i m e  c o n s t a n t s  than  could 
b e  obta ined  i n  t h e  h o r i z o n t a l  sweep c i r c u i t .  The ver t i ca l  sweep 
uses  t h e  10 meg r e s i s t o r  R454, a 2 pf c a p a c i t o r  C411 and an  ampli- 
f i e r  composed of 4410 ,  4409 ,  A412, A413, A414 and 4415 i n  v i r -  
r u a i i y  che same fash ion  as t h e  h o r i z o n t a l  s w e e p  c i rcu i t .  Tnr 
e f f e c t  of an  FET swi tch ' s  f i n i t e  leakage r e s i s t a n c e  on t h e  i n t e -  
g r a t o r  v o l t a g e  is  e l imina ted  by d r i v i n g  t h e  i n t e g r a t o r  back t o  
t h e  s t a r t  po in t  p r i o r  t o  t h e  s t a r t  of each readout  cyc le .  The 
4-  3 
s ta r t  p o i n t  is  set by R422. 
which senses  t h e  output  v o l t a g e  d u r i n g  retrace. I f  l a r g e r  t han  
the readout  s t a r t  poin t  the comparator ou tpu t ,  which i s  connected 
t o  t h e  i n t e g r a t o r  input  through 4407, d r i v e s  t h e  i n t e g r a t o r  o u t p u t  
down t o  t h e  s ta r t  point.  
p o t e n t i a l  du r ing  readout.  4403 and 4404 i n  the h o r i z o n t a l  sweep 
c i r c u i t  and 4414 and 4415 i n  t h e  v e r t i c a l  sweep c i r c u i t  are class 
AB push-pull ou tput  s t ages .  The s i n g l e  l a y e r  p r i n t e d  c i r c u i t  
yoke has  a r e s i s t a n c e  p e r  c o i l  o f  approximately 14  ohms. 
m u l t i l a y e r  yoke w i t h  more t u r n s  p e r  c o i l  and h i g h e r  resistance 
would save power and be easier t o  d r i v e .  
4406 and 4405 comprise a comparator 
R433 is  used t o  set t h e  i n p u t  d r i v e  
A 
The CAnjODE CHOPPER swi tches  t h e  ca thode  between two p o t e n t i a l s  about 6 
v o l t s  a p a r t  a t  a 76KHzrate .  
7 6 K H z c a r r i e r  f o r  the v ideo  s i g n a l  and i n c r e a s e s  the ou tpu t .  
z o n t a l  retrace i t  i s  turned  o f f  t o  reduce  t a r g e t  ou tput .  
The r e s u l t a n t  beam modulation p rov ides  a 
During h o r i -  
The CATHODE CHOPPER, whose inpu t  is  t h e  I s i g n a l ,  i s  comprised 
o f  Q l O O  and Q l O l  of Board 1 and l o c a t e d  on t h e  camera head. 
During readout t h e  t a r g e t  ou tput  s i g n a l  which is  of the o r d e r  o f  20 nanoamps 
peak t o  peak, i s  f e d  t o  a t r a n s r e s i s t a n c e  a m p l i f i e r  w i t h  a g a i n  of l o 7  v o l t s  
p e r  amp. The output  of the t r a n s r e s i s t a n c e  amp i s  fed  through an  ad jus-  
t a b l e  v o l t a g e  d i v i d e r  t o  a p o s t  a m p l i f i e r  which has a low Q bandpass charac- 
t e r i s t ic  and a ga in  of 100. 
The i n p u t  s t a g e  i n  the  p r e a m p l i f i e r  i s  a low n o i s e  FET 4107. 
Gain i s  provided by a pA709 o p e r a t i o n a l  a m p l i f i e r  Q l O O .  The 
10 megohm feedback r e s i s t o r ,  R120, sets t h e  t r a n s r e s i s t a n c e  ga in .  
A l l  supply  v o l t a g e s  are decoupled and f i l t e r e d  w i t h  s p e c i a l  em- 
p h a s i s  p laced  on the t a r g e t  b ias  vo l t age .  
and r e s i s t o r  R123, connected t o  the preamp cutput, provide  g a h  
a d j u s t a b i l i t y  f o r  the p o s t  a m p l i f i e r .  
zes an RCA CA3010 o p e r a t i o n a l  a m p l i f i e r  IC101. 
t i v e  feedback i s  provided by LlOO and C116. 
Po ten t iome te r  R128 
The p o s t  a m p l i f i e r  u t i l i -  
Frequency selec- 
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The output  of t h e  pos t  a m p l i f i e r  i n t e r f a c e s  wi th  t h e  ATTENUATORS and 
VIDEO BLANKING c i r c u i t r y .  
CONTROL COMPUTER. 
t o  a level which w i l l  n o t  cause s a t u r a t i o n  o r  l i m i t i n g .  
provides  b lanking  dur ing  h o r i z o n t a l  retrace. 
The a t t e n u a t o r s  are under  t h e  c o n t r o l  of t h e  GAIN 
The ampli tude modulated video s i g n a l  is s t e p  a t t e n u a t e d  
A shun t  swi tch  
The ATTENUATORS and VIDEO BLANKING c i r c u i t r y  a r e o n  Board 5. It 
i s  comprised of resistor d i v i d e r s  R500 and R502, R501 and R503, 
and R509 and R510 which have t h e i r  shunt  l e g s  connected t o  
ground by t r a n s i s t o r  switches Q500, Q50l and 4503 r e s p e c t i v e l y  
as d i r e c t e d  by the gain c o n t r o l  computer. 
i s o l a t i o n  and bu f fe r ing .  
4502 and 4504 provide  
The ATTENUATORS and VIDEO BLANKING output  i s  a p p l i e d  t o  an a m p l i f i e r  having 
a g a i n  of 40 and low Q bandpass c h a r a c t e r i s t i c s .  
c u i t  is  a p a r t  of t h i s  ampl i f i e r .  
swi t ch ing  t h e  midpoint of t h e  input  r e s i s t o r  t o  ground dur ing  h o r i z o n t a l  
retrace. 
l a t e d  s i g n a l  p r i o r  t o  v ideo  de tec t ion .  
The V I D E O  BLANKING c i r -  
Video b lanking  i s  accomplished by 
The func t ion  of t h i s  a m p l i f i e r  i s  t o  i n c r e a s e  the ampli tude modu- 
The 40 ga in  a m p l i f i e r  on Board 5 i s  comprised of a CA3010 opera- 
t i o n a l  a m p l i f i e r ,  IC500, and a s s o c i a t e d  components. L500 and 
C503 i n  t h e  feedback path provide  bandpass c h a r a c t e r i s t i c s  f o r  
t h e  ampl i f i e r .  The junc t ion  of t h e  inpu t  r e s i s t o r s  R513 and R514 
is  connected t o  ground through t r a n s i s t o r  switch R505 dur ing  
h o r i z o n t a l  retrace t o  provide  v ideo  blanking.  
The 40 ga in  a m p l i f i e r  ou tput  i s  connected t o  t h e  DETECTOR AND FILTER inpu t  
where t h e  v ideo  informat ion  i s  ex t r ac t ed  from t h e  ampli tude modulated 76 KHz 
s i g n a l .  The d e t e c t o r  has  a maximum non- l inea r i ty  of 8 mv o r  1%, whichever 
i s  l a r g e r ,  over  its 2 v o l t  output  range. The f i l t e r  has  a n  upper corner  
f requency a t  10 KHz and r o l l s  off  a t  18 db/octave.  
The DETECTOR AND FILTER are on Board 5. 
d iodes  CR501 and CR502 i n  t h e  feedback pa th  of t h e  CA3010 opera- 
t i o n a l  ampl i f i e r , IC501 ,e f f ec t ive ly  reduces t h e  n o n - l i n e a r i t i e s  
P lac ing  t h e  d e t e c t i o n  
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caused by diodes.  
ad jus t ed  wi th  t h e  input  and feedback r e s i s t o r .  Due t o  s l e w  
rate l i m i t a t i o n s  of t h e  pA709  and output  l i m i t a t i o n s  of t h e  
CA301Q i t  w a s  necessary t o  add a ga in  of 2 s t a g e s  a f t e r  t h e  feed- 
back d e t e c t o r ,  and s i n c e  t h e  s l e w  ra te  l i m i t a t i o n  of t h e  vA709 
w a s  more r e s t r i c t i v e  than t h e  output  l i m i t a t i o n s  of the CA3010, 
t h e  cheaper CA3010 w a s  used. 4507 i s  used as a ga in  of two ampli- 
f i e r s  wi th  a f a i r l y  high i n p u t  r e s i s t a n c e .  C o l l e c t o r  load  resis- 
t o r  R533 forms p a r t  of the low output  impedance active f i l t e r  
Q508. 
In a d d i t i o n  t h e  ga in  of t h e  d e t e c t o r  can  be  
The output  of t h e  f i l t e r  i n t e r f a c e s  wi th  t h e  BLACK LEVEL REFERENCE cir-  
cu i t ry ,  where, a t  t h e  beginning of each E n s  t h e  video l e v e l  r e s u l t i n g  from 
scanning  i n  t h e  b lack  mask i s  referenced t o  a predetermined level .  The 
wors t  case d e v i a t i o n  from t h e  r e fe rence  dur ing  t h e  25 msec l i n e  t i m e  is  
less than  8 mv o r  1 /4  DN over  a temperature  range of -50 t o  + l O O ° C .  
The BLACK LEVEL REFERENCE c i r c u i t  on Board 5 is  a type  of keyed 
clamp. A t  t h e  beginning of each l i n e ,  G, t h e  b l ack  level  r e fe rence  
signal a c t u a t e s  series swi t ch  IC502 connect ing the output  of t h e  
DETECTOR and FILTER through a c a p a c i t o r  C514 t o  a predetermined 
v o l t a g e  set  by a d j u s t i n g  R538. 
t h e  d i f f e r e n c e  between t h e  FILTER output  and t h e  r e f e r e n c e  vol-  
tage.  
is the re fe rence  vol tage.  
rest of t h e  l i n e  t i m e  i s  caused by c a p a c i t o r  C514 d ischarge .  
The c a p a c i t o r  qu ick ly  changes t o  
When t h e  s w i t c h  opens , the  v o l t a g e  a t  t h e  comparator i n p u t  
The change i n  t h a t  v o l t a g e  du r ing  t h e  
It 
. w i l l  change less  than 8 mv i n  25 msec. 
The DETECTOR AND FILTER ou tpu t  is connected t o  the COMPARATOR i n p u t  through 
the BLACK LEVEL REFERENCE capac i tor .  The COMPARATOR compares t h e  ana log  
v i d e o  s i g n a l  t o  an accurate ramp genera ted  by t h e  RAMP GENERATOR once every 
52 psec. 
o u t p u t  i s  a l o g i c a l  1. 
v i d e q  t h e  output  of t h e  COEPARATOR i s  a l o g i c a l  0. 
A s  long as t h e  a n a h g  video Is larger than the ramp, t h e  COMPARATOR 
When the ramp is  equal  t o  o r  l a r g e r  than  t h e  ana log  
The ou tpu t  of t h e  
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a -  '. COMPARATOR is ,  t h e r e f o r e ,  a pu l se  wid th  modulated s i g n a l  whose p u l s e  wid th  i s  p ropor t iona l  t o  t h e  analog video ampli tude.  
The COMPARATOR and RAMP GENERATOR are on Board 5. 
and IC504 comprise t h e  h i g h  i n p u t  impedance comparator. 
and CR503 provide  p r o t e c t i o n  f o r  the inpu t  of the pA710. 
RAMP GENERATOR i s  comprised of Q5l l  and C520. 
Q5ll i s  used as a cons tan t  c u r r e n t  sou rce ,wh i l e  t h e  emitter 
base  j u n c t i o n  of t h e  o the r  h a l f  is  used i n  provid ing  a r e f e r e n c e  
vo l t age ,  a long  wi th  CR504 and CR509. 
d i scha rges  C520 once every 52 p s e c .  The d i scha rge  is  c o n t r o l l e d  
by t h e  A s i g n a l  through IC505, a D l l l F  analog FET g a t e  d r i v e r .  
Q509, Q5lO 
CR502 
The 
One h a l f  of 
IC503 is  a swi t ch  which 
The p u l s e  width modulated s i g n a l  from t h e  COMPARATOR goes t o  a GATE where 
i t  is  combined wi th  t h e  1 .54  MHzclock s i g n a l ,  t h e  A encoding pe r iod  s i g n a l  
and t h e  output  of t h e  63 COUNT DETECT c i r c u i t ,  producing a p u l s e  modulated 
s i g n a l  where t h e  number of pu lses  i s  p r o p o r t i o n a l  t o  t h e  ana log  v ideo  s i g -  
n a l .  
of pu l se s  is  converted t o  a b inary  number. The con ten t s  of t h e  6 B I T  
COUNTER are sensed by t h e  63 COUNT DETECT c i r cu i t ,wh ich  p reven t s  t h e  count 
from going beyond 63 du r ing  t h e  encoding pe r iod  and then  p a r a l l e l  s h i f t e d  
i n t o  t h e  PARALLEL I N  SERIES OUT SHIFT REGISTER. While t h e  COUNTER i s  
count ing  t h e  con ten t s  of t h e  next p u l s e  modulated s i g n a l ,  t h e  p u l s e  code 
modulated s i g n a l  i n  t h e  PARALLEL I N  SERIES OUT REGISTER i s  series s h i f t e d  
The p u l s e  modulated s i g n a l  e n t e r s  a 6 B I T  COUNTER where t h e  number 
o u t  through t h e  DIGITAL DATA BUFFERS t o  i n t e r f a c e  equipment. 
The p u l s e  width modulated s i g n a l ,  t h e  63 count l i m i t  s i g n a l ,  
t h e  1.54 MHz c lock  s i g n a l  and t h e  A encoding per iod  s i g n a l  are 
ANDed i n  one h a l f  and i n v e r t e d  i n  t h e  o t h e r  h a l f  of 9042-8 on 
Board 2. 
which i s  comprised of f l i p  f l o p s  9040-29 through 9040-34 on 
Board 3. Upon r e c e i p t  of  t h e  J t r a n s f e r  p u l s e , t h e  counter  ou tpu t  
is p a r a l l e l  s h i f t e d  through g a t e s  9041-12 through 9041-17 t o  a 
p a r a l l e l  i n - se r i e s  out s h i f t  r e g i s t e r  comprised of f l i p  f l o p s  
9040-35 through 9040-40. 
The p u l s e  modulated s i g n a l  goes t o  a 6 b i t  coun te r  
The p u l s e  code modulated s i g n a l  is  
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s h i f t e d  out  of t h e  s h i f t  r e g i s t e r  t o  t h e  DIGITAL DATA BUFFER 
which is comprised o f  one g a t e  of t h e  9041-24 and 4300, and 
from t h e r e  t o  i n t e r f a c e  equipment. Coincident  w i t h  t h i s ,  g a t e s  
9042-9 and 9041-23 on Board 2 ou tpu t  b u f f e r  word and b i t  sync 
s i g n a l s  t o  i n t e r f a c e  equipment. 
of 933-4 comprise the 63 COUNT DETECT c i r c u i t .  
One h a l f  of 9042-6 and one h a l f  
The GAIN CONTROL COMPUTER g e t s  its primary inpu t  from t h e  6 B I T  COUNTER. 
During a p a r t  of t h e  frame e s t a b l i s h e d  by H, t h e  h i  l e v e l  t es t  t i m e ,  t h e  
number of t i m e s  t h e  6 B I T  COUNTER e q u a l s  o r  exceeds 62 i s  counted. I f  i t  
does so  1 5  o r  more t imes , the  GAIN CONTROL COMPUTER a c t u a t e s  a swi t ch  
i n  t h e  l e g  of t h e  ATTENUATORS on Board 5 t o  throw i n  more a t t e n u a t i o n ,  o r  
sends  a s i g n a l  t o  t h e  s h u t t e r  d r i v e  l o g i c  which r e s u l t s  i n  a s h o r t e r  expo- 
s u r e  i n  t h e  next  s h u t t e r  per iod .  Also,  a s i g n a l  is  s e n t  t o  t h e  g a t e  sens ing  
t h e  output  of t h e  6 B I T  COUNTERwhich p reven t s  any more inpu t  t o  the 4 
b i t  counter  f o r  t h e  rest of  t h a t  frame. During t h e  v e r t i c a l  retrace and 
erase p e r i o d s , t h e  4 b i t  h i  level d e t e c t  counter  i s  reset, readying  i t  f o r  
t h e  nex t  readout  per iod .  
reset by depres s ing  t h e  GAIN CONTROL COMPUTER but ton .  
The 4 b i t  swi tch  a c t u a t i n g  counter  may b e  
The des ign  of t h e  GAIN CONTROL COMPUTER is  very  s imilar  t o  t h a t  of Mariner 
C excep t  3 s t a g e s  of a t t e n u a t i o n  were used t o  provide  a f i n e r  s i g n a l  level  
c o r r e c t i o n .  
t i o n  which r e s u l t  as t h e  4 b i t  counter  goes from 0 t o  15. It w i l l  b e  ob- 
s e rved  t h a t  t h e r e  are s e v e r a l  backward s t e p s  which r e s u l t  because t h e  2 : l  
s h u t t e r  change does n o t  f i t  in to  the a t t e n u a t o r  p a t t e r n  of a = 1.53, 
a2 = 2.25, a4 = 5.54. 
s chedu le  prevented mod i f i ca t ion  of t h e  l o g i c .  
a f f e c t e d  as t h e  ga in  c o n t r o l  computer treats t h e  3 backward s t e p s  as "st i l l  
n o t  enough a t t enua t ion"  condi t ions  and proceeds t o  t h e  next  s t e p .  The 
s t e p s  of a t t e n u a t i o n  are no larger than  w a s  d e s i r e d ,  however, t h e  f u l l  
c a p a b i l i t y  of t h e  c i r c u i t r y  i s  not  exe rc i sed .  
lopment t h i s  discrepancy should b e  co r rec t ed .  
c u r r e n t l y  a v a i l a b l e  t h a t  w i l l  take t h e  3000 g shock, t h e  r o l e  of t h e  s h u t t e r  
The fo l lowing  t a b l e  shows t h e  success ive  s t e p s  of  s ignal  reduc- 
This  d i screpancy  w a s  n o t  noted u n t i l  t h e  e v a l u a t i o n  
The system is  n o t  s e r i o u s l y  
I n  t h e  n e x t  phase of deve- 
Since t h e r e  i s  no s h u t t e r  
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Flip Flop Flip Flop Flip Flop Resultant Flip Flop 
9040-41 9040-42 904 0-4 3 9040-44 Attenuation 
Factor 
CONDITION a = 1.53 Fast Shutter a2 = 2.35 u4 = 5.54 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
0 
1.53 
2 -+ 1.8 
3.06 + 2.75 
2.3 
3.61 
4 7  -f 4.24 
7.22 + 6.5 
5.54 
8.51 
11.08 -+ 9.98 
17.02 -+ 15.3 
13.06 
20.03 
26.06 -+ 23.5 
40.0 + 36.0 
NOTE: The arrows point to Attenuation factor reduction due to photoconductor 
non-linearity. 
ATTENUATION STATES OF GAIN CONTROL C O W U T E R  
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has  y e t  t o  be def ined  f o r  f u t u r e  systems. 
developed,or t h e  h igh  shock requirements e l imina ted ,  s h u t t e r  t i m e  c o n t r o l  
may g ive  b e t t e r  performance than  a t t e n u a t o r  c o n t r o l .  
I f  a s a t i s f a c t o r y  s h u t t e r  is  
During t h e  t h i r d  qua r t e r  of every l i n e  which is i n  t h e  second 
and t h i r d  q u a r t e r s  of the f r ame , the  h igh  leve l  check s i g n a l  H 
i s  t r u e s p e r m i t t i n g  g a t e  9042-6 ,and i t s  i n p u t  expander 933-4 
t o  s ense  t h e  output  of the 6 B I T  COiiNTER on Board 3 .  Each 
t i m e  t h e  count reaches  62 ,  t h e  ou tpu t  of t h e  9042-6 g a t e  goes 
down and adds one count t o  t h e  4 b i t  coun te r ,  9040-41 through 
9040-44. This 4 b i t  counter  g e t s  reset once each frame by t h e  
27 s i g n a l  and when t h e  count reaches  1 5 ,  t h e  9042-7 g a t e  which 
- 
. senses  t h e  output  goes down and adds one count  t o  t h e  second 
4 b i t  counter  9040-45 through 9040-48 whose ou tpu t s  d i r e c t l y  
d r i v e  t h e  ATTENUATOR switches on Board 5 and t h e  s h u t t e r  c o n t r o l  
l o g i c .  
d e t e c t  4 b i t  counter  once every frame. The swi tch  a c t u a t i n g  
4 b i t  counter  may b e  r e s e t  by depres s ing  t h e  GAIN CONTROL COMPUTER 
RESET b u t  ton. 
The 27 s i g n a l  a c t i n g  through 9042-7 resets t h e  h i  level  
S h u t t e r  t i m e s  are developed by combining signals from t h e  d i v i d e r  cha in .  
S i g n a l s  from t h e  second f l i p  f lop  i n  t h e  swi t ch  a c t u a t i n g  4 b i t  counter  
combine wi th  s i g n a l s  from t h e  d iv ide r  cha in  and t h e  micro swi tch  a t  t h e  
s h u t t e r  t o  develope t h e  5 open s h u t t e r  s i g n a l  and determine whether t h e  
c l o s e  s h u t t e r  f a s t  o r  c l o s e  s h u t t e r  s low s i g n a l  should be  s e n t  t o  t h e  
SHUTTER DRIVE c i r c u i t s .  VERTICAL TRIGGER and HORIZONTAL TRIGGER s i g n a l s  
f o r  synchronizing t h e  monitor with t h e  imaging system are developed on 
the same board.  
signals i s  d isp layed  on t h e  schematics of Board 2 and Board 3. 
The s imple development of v a r i o u s  o t h e r  t iming and c o n t r o l  
9 me s h u t t e r  dr ive signals and c o n t r o l  l n g i c  on Board 3 are com- 
p r i s e d  of g a t e s  9042-3 and 9042-4 and g a t e  expanders 933-1 and 
933-2. Gate 9041-22 and a s s o c i a t e d  c a p a c i t o r s ,  d iodes ,  and re- 
s i s t o r s  comprise t h e  VERTICAL TRIGGER and HORIZONTAL TRIGGER 
gene ra to r s  and bu f fe r s .  
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The LOW VOLTAGE POWER SUPPLY on Board 5 provides  +12 vdc, +6 vdc, +5 vdc, 
-6  vdc and -12 vdc f o r  g e n e r a l  c i r c u i t  u s ~ a n d  a +50 vdc v o l t a g e  f o r  t h e  
s h u t t e r  d r i v e r s .  
wi thout  good knowledge of the loads and primary power characterist ics.  
Therefore ,  a s imple  approach, adequate t o  t h e  needs of t h i s  phase of t h e  
development w a s  used. 
v id i con  and f i n a l  d e f l e c t i o n  c o i l s  are used. 
wave, 50 vrms l a b  supply  w a s  s table  and had an ou tpu t  r e g u l a t i o n  b e t t e r  
t han  1%, t h e  prime c o n s i d e r a t i o n  f o r  t h e  ruggedized imaging system power 
supply  w a s  ou tput  impedance and r i p p l e .  
f l a t  packs were used f o r  the +12 vdc, +6 vdc, -6 vdc and -12 vdc s u p p l i e s ,  
and gave b e t t e r  than  1% r e g u l a t i o n  over a l l  ou tpu t  c u r r e n t  ranges.  For 
the o t h e r  ou tput  v o l t a g e s ,  t h e  series f i l t e r  r e s i s t o r s  were maintained 
l o w  enough t o  o b t a i n  r easonab le  d c  ou tput  impedances and the f i l t e r  capa- 
c i t o r s  were made l a r g e  enough t o  keep t h e  r i p p l e  down. 
Supply on Board 6 c o n t a i n s  on ly  one emitter fo l lower  type  r e g u l a t o r .  
The power supply cannot b e  des igned  f o r  optimum e f f i c i e n c y  
The loads  are expected t o  change when the f i n a l  
Because the 2500 Hz, squa re  
Hybrid r e g u l a t o r s  i n  1 / 4  x 1/8 
The High Voltage 
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SECTION 5 
MEASURED PERFORMANCE OF THE CAMERA SYSTEM 
A summary of ,system performance i s  given below. 
1. 
. 
Typica l  Monitor P resen ta t ions  - Three p i c t u r e s  of monitor  d i s p l a y s  
are presented  i n  F igure  3.  
are somewhat degraded,but g ive  a gene ra l  view of t y p i c a l  d i s p l a y s .  
b l ack  area t o  t h e  l e f t  i s  t h e  b l ack  mask,with t h e  t h r e e  wh i t e  s p o t s  
be ing  blemishes i n  t h e  v id icon .  The shading i n  t h e  upper and lower 
r i g h t  co rne r s  is  due t o  t h e  h o l e  i n  t h e  s h u t t e r  mounting be ing  too  
small. The cause of t h e  dark  b a r  a c r o s s  t h e  bottom w a s  undetermined. 
It b e a r s  some s i m i l a r i t y  t o  the  phenomena noted  i n  t h e  Mariner C 
camera,wherein t h e  so l eno id  f i e l d  was be l ieved  t o  b e  t h e  cause.  
however, t h a t  t h e  l i n e  i s  q u i t e  s t r a i g h t  and occurs  a t  t h e  bottom of 
t h e  frame, some 1 4  seconds a f t e r  t h e  s h u t t e r  pu lses .  
l i a r  t o  t h e  vidicon.  
a Mariner 64 v id icon  whose intended scan  area i s  one f o u r t h  t h e  ceramic 
v id i con  area was used. 
A f t e r  s e v e r a l  s t a g e s  of reproduct ion  they  
The 
Note, 
It could b e  pecu- 
Due t o  the  u n a v a i l a b i l i t y  of a ceramic v id icon ,  
2. Trans fe r  Curve - The t r a n s f e r  curve of d e t e c t o r  ou tpu t  v e r s u s  l i g h t  
i n t e n s i t y  i s  shown p l o t t e d  i n  F igure  4 .  
d e t e c t o r  ou tput  ve r sus  f i l t e r  l i g h t  t ransmiss ion  f a c t o r .  The measure- 
ments were made by in t e rpos ing  f i l t e r s  having d i f f e r e n t  t ransmiss ion  
f a c t o r s  between t h e  0.095 foot-candle-second l i g h t  sou rce  and t h e  l e n s .  
With a preamp inpu t  t o  d e t e c t o r  ou tpu t  ga in  of 130 mvdc/na peak 
t a r g e t  c u r r e n t ,  t h e  peak target  c u r r e n t  a t  0.095 foot-candle-seconds 
i l l u m i n i z a t i o n  w a s  23.1 na. 
Note t h a t  i t  i s  a p l o t  of 
3. Residual  Imap,e - Residual  image w a s  measured by t ak ing  two success ive  
p i c t u r e s  of a ver t ica l  b a r  p a t t e r n ,  n o t i n g  t h e  h igh  l i g h t  video ou tpu t ,  
and comparing i t  wi th  t h a t  of a success ive  readout  on ly  cyc le .  It w a s  
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observed t h a t  t h e  readout  on ly  v ideo  output  w a s  a l i t t l e  less than  
50% of t h e  preceding video output .  
t i o n  of t h e  G 1  swi tch  (which makes G 1  less n e g a t i v e  du r ing  ver t ica l  
retrace) and ver t ica l  d i t h e r  (which superimposes a 4.8 K c  t r i a n g u l a r  
d e f l e c t i o n  on t h e  1 3  second v e r t i c a l  r e t r a c e )  caused any a p p r e c i a b l e  
It w a s  a l s o  noted  t h a t  no combina- 
r e s i d u a l  image reduct ion .  
t h e  tests demonstrated t h e  i n e f f e c t i v e n e s s  of t h e  erase techniques  
which seemed reasonable  b u t  d id  n o t  work. An i n v e s t i g a t i o n  of e f f ec -  
t i ve  erase techniques  w a s  underway i n  ano the r  JPL  group a t  t h e  conclu- 
s i o n  of t h i s  e f f o r t  and t h e  r e s u l t s  should b e  inco rpora t ed  i n  t h e  
ruggedized imaging system. 
While t h e  t u b e  may have been a "s t icky"  one,  
4. Resolu t ion  - The r e s o l u t i o n  was measured us ing  35mm r e s o l u t i o n  p a t t e r n  
s l i d e s .  The re la t ive response w a s  58% f o r  t h e  200 l i n e  p a t t e r n  and 
1 7 %  f o r  t h e  400 l i n e  p a t t e r n .  
5. Signal-to-Noise Rat io  - The rms n o i s e  a t  t h e  d e t e c t o r  w a s  20 mv. A t  
0.1 foot-candle-seconds i l l umina t ion ,  t h e  peak s i g n a l  t o  r m s  
n o i s e  r a t i o  a t  t h e  d e t e c t o r  ou tput  w a s  43.6 db. A t  0.01 foot-candle- 
seconds it w a s  27 db. 
6. Encoding Accuracy - The encoder has  a b a s i c  r e s o l u t i o n  of 2 1  b i t ,  o r  
(1/63) 100 = 1.6%. 
l i n e a r i t y  w a s  less than  20.2 b i t  over  a temperature  range  of -5OOC t o  
+loooc. 
The a d d i t i o n a l  e r r o r  con t r ibu ted  by d r i f t  and non- 
7. Scan L i n e a r i t 1  - Because of t h e  unknown c o n t r i b u t i o n s  of t h e  yoke and i t s  
mechanical o r i e n t a t i o n  and the  c loseup  e f f e c t s  i n  t h e  o p t i c s  r e s u l t a n t  
from t h e  i n a b i l i t y  t o  p o s i t i o n  t h e  v id i con  as c l o s e  t o  t h e  l e n s  as w a s  
d e s i r a b l e ,  t h e  t o t a l  non- l inea r i ty  of t h e  system w a s  no t  measured. 
It appeared t o  be  s e v e r a l  percent .  The d e f l e c t i o n  c i r c u i t s ,  however, 
are capable  of producing d r i v e  c u r r e n t s  l i n e a r  t o  b e t t e r  than  1%. 
a Sanborn c h a r t  r eco rde r  t h e  ver t ica l  d r i v e  n o n - l i n e a r i t y  w a s  measured 
Using 
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8. 
9. 
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11. 
as +0.25%, however, t h e  Sanborn itse,, can have t h a t  much p o t e n t i a l  
non- l inea r i ty .  
c i l l o s c o p e  was less than 0.5%. 
The h o r i z o n t a l  non- l inea r i ty  as measured on an  os- 
S h u t t e r  Speeds - The two s h u t t e r  speeds as measured by a s o l a r  c e l l  
and o s c i l l o s c o p e  were 105.4 m sec and 210 m sec. 
Gain Control  Computer Accuracy - The ga in  c o n t r o l  computer accuracy is  p r i -  
mar i ly  a func t ion  of r e s i s t o r  va lues  i n  t h e  a t t e n u a t o r s .  Tests were per- 
formed t o  v e r i f y  t h a t  t h e  ga in  c o n t r o l  computer w a s  working p rope r ly  
and t h a t  t h e  a t t e n u a t o r  s t a g e s  were approximately c o r r e c t .  
Power - Because s e v e r a l  secondary vo l t ages  were too  low i n  t h e  deve- 
lopmental  power supply transformers,  t h e  2400 Hz i n p u t  v o l t a g e  w a s  se t  
1 2 %  high.  Under t h i s  condition, t h e  average input  power w a s  6.44 wat ts .  
Correc t ing  f o r  t h e  ove rvo l t age , the  average inpu t  power would b e  approxi- 
mately 5.4 w a t t s .  This  i s  a s u b s t a n t i a l  r educ t ion  below t h e  8 w a t t s  
of t h e  Mariner C imaging system. 
S i z e  and Weight - Being i n  the breadboard stage, i t  i s  imposs ib le  t o  
compare t h e  s i z e  and weight of t h e  ruggedized imaging system wi th  those  
of t h e  Mariner C imaging sytem, however, a comparison of t h e  component 
p a r t s  count of t h e  two s y s t e m s  w i l l  be  informat ive .  The Mariner C 
imaging system contained 1230 components and 60 modules. Es t imat ing  
t h e  average module con ten t s  a t  10  p a r t s  per  module b r i n g s  t h e  t o t a l  
t o  1830 component p a r t s .  
p a r t s , o f  which 101 are monol i th ic  i n t e g r a t e d  c i r c u i t s  o r  hybr ids .  
The ruggedized imaging system h a s  563 component 
The 
r a t i o  of t h e  component p a r t s  count  
Because of t h e  dominating in f luence  of l a r g e  components common t o  both 
systems, however, and t h e  equa l i z ing  mass of t h e  suppor t  s t r u c t u r e s ,  
t h e  d i f f e r e n c e  between t h e  Mariner C imaging system and a s i m i l a r l y  
packaged pro to type  ruggedized imaging system would b e  much less. 
between t h e  two systems i s  3.25. 
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ILLUSTRATIONS 
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Figure  1 Ruggedized Imaging System Breadboard and Monitoring Equipment 
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A. Monitor d i s p l a y  wi th  v ideo  i n p u t  
from t h e  ruggedized imaging s y s -  
t em's  v ideo  d e t e c t o r  o u t p u t .  
B .  Monitor d i s p l a y  wi th  v ideo  i n p u t  
from t h e  CONRAC D/A c o n v e r t e r  
analog o u t p u t .  D/A c o n v e r t e r  i n -  
pu t  i s  t h e  ruggedized  imaging 
system PCM o u t p u t .  
C .  Monitor d i s p l a y  of  a p i c t u r e  taken  
of a r e l i e f  map s l i d e .  Video i n -  
pu t  t o  t h e  monitor from t h e  D / A  
conve r t e r  o u t p u t .  D / A  conve r t e r  
i npu t  i s  t h e  ruggedized imaging 
system PCM o u t p u t .  
F igure  3 Photos of  Monitor Display 
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Tabulat  d Design G 
Table 1 
als vs .  Mariner C Imaging System C h a r a c t e r i s t i c s  
MARINER C I M A G I N G  SYSTEM RUGGEDIZED IMAGING SYSTEM 
Scan l i n e s  p e r  frame 
P ixe l s  p e r  l i n e  
Frame time (sec) 
Active l i n e  t ime 
(m sec) 
Beam chopper frequency 
KHZ 
Video base  band KHz 
Vidicon type  
Focus 
S c ann i ng 
Scanned a r e a  mm square 
. Timing 
C i  r cu i  t r y  
Encoding r a t e  RZPCM 
Scanning 
Volume i n .  
Weight l b  . 
Power w 
3 
200 
200 
24 s e c  
14.4 
110 
7 
GEC 1343-010 
E l e c t r o s t a t i c  
E l e c t r o s t a t i c  
5 
composite f r e e  running 
Separate  b lock  
1 mHz 6 b i t  
Analog 
576 
11.28 
8 
512 
512 
13.65 
25 
76.8 
10 
RCA-C23086 (designed fo r )  
GEC-1343-010 used) 
E l e c t r o s t a t i c  
Electromagnet ic  
11 
Synchronized 
Funct iona l ly  i n t e g r a t e d  
1.54 mHz 6 b i t  
Analog 
"400 
*9 
*6 
*Prototype design goa ls  
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APPENDIX A 
STATEMENT OF WORK 
Contrac t  No. 951572 
SCHEDULE 
ARTICLE 1 - STATEMENT OF WORK 
(a) The Cont rac tor  s h a l l ,  on a l e v e l  of e f f o r t  b a s i s ,  p rovide  n o t  less 
than  e igh teen  (18) nor more than twenty-two (22) man months of e f f o r t  
o f  engineer ing  suppor t  i n  modifying e x i s t i n g  Mariner C t e l e v i s i o n  
camera e l e c t r o n i c s  and e l e c t r o n i c  packaging a t  t h e  Jet Propuls ion  Lab- 
o r a t o r y .  For t h e  purpose of t h i s  Cont rac t ,  one (1) man month i s  
def ined  as one (1) d i r e c t  labor  person performing ass igned  t a s k s  f o r  
a per iod  of one hundred seventy- three (173) d i r e c t  s t r a i g h t  t i m e  hours .  
This suppor t  e f f o r t  s h a l l  include,  b u t  n o t  b e  l i m i t e d  to :  
Modif ica t ion  of e x i s t i n g  Mariner C t e l e v i s i o n  camera e l e c t r o n i c s  
and e l e c t r o n i c  packaging to u t i l i z e  microelement c i r c u i t r y .  
Redesign, f a b r i c a t e ,  assemble and t e s t  a t  JPL, o n e . ( l )  breadboard 
of a Mariner C t e l e v i s i o n  camera, u t i l i z i n g  microelement c i r c u i t r y  
and e x h i b i t i n g  performance c h a r a c t e r i s t i c s  comparable t o  t h e  exis- 
t i n g  Mariner C design.  
Evalua te  "off t h e  she l f ' '  micro c i r c u i t s  as t o  t h e i r  a p p l i c a t i o n .  
Breadboarding and t e s t i n g  of v a r i o u s  modified c i r c u i t s .  
Perform a review of t h e  redes iga  of t h e  t e l e v i s i o n  cameras. The 
major goa l  of t h i s  review sha l l  b e  t h e  f u l l  d e f i n i t i o n  of t h o s e  
elements  of t h e  redes ign  s p e c i f i e d  i n  Ar t ic le  1 (a) (2). 
Background Information - Ul t ima te ly ,  i t  i s  d e s i r a b l e  t o  u s e  t h e  
breadboard des ign  as a b a s i s  f o r  t h e  packaging a n d - f a b r i c a t i o n  of 
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a pro to type  camera system. 
a J P L  ruggedized v id i con  imaging system. 
t h e  pro to type  camera system t o  be capable  of meeting t h e  fo l lowing  
environment requirements:  
The p ro to type  des ign  s h a l l  i n c o r p o r a t e  
The des ign  goa l  i s  f o r  
(i) S t a t i c  Acce lera t ion :  2190 g, 20 minutes i n  each of t h r e e  
(3) orthogonal  d i r e c t i o n s .  
(ii) Vibrat ion:  A l l  of the  fo l lowing  s h a l l  b e  performed a long  
each of t h r e e  (3)  orthogonal  d i r e c t i o n s .  
(A) Sinusoida l  v i b r a t i o n  s w e p t  a t  0.5 oc t ave  p e r  minute. 
20.5 in displacement 5-17 HZ 
5 g r m s  17-50 HZ 
15 g r m s  50-100 HZ 
35 g nns 100-200 HZ 
(B) Wide band n o i s e ,  25 g r m s ,  9 minutes  d u r a t i o 3  15-2000 Hz. 
. .  . .  
(iii) Shock: A l l  of t h e  fol lowing s h a l l  be  performed f i v e  (5)  
t i m e s  i n  each d i r e c t i o n  a long  each of t h r e e  (3) axes.  
A) 
B) 4150 g t e rmina l  peak s a w  too th ,  5 m s  rise t i m e .  
c )  
2200 g t e rmina l  peak s a w  too th ,  0.5 m s  r ise t i m e .  
23000 g modified square  wave 0.1 m s  r i se  t i m e ,  3 m s  
du ra t ion ,  0.1 m s  f a l l  tine. 
( i v )  Thermal/Vacuum 
A) 1 2  days a t  75OC and t o r r .  
B) 4 days a t  -10°C and 10-b t o r r .  
C) The pro to type  camera s h a l l  be  capable  of su rv iv ing  t h e  
s t e r i l i z a t i o n  s p e c i f i c a t i o n  as o u t l i n e d  i n  VOL-50503-ETS 
., dated 1 2  January 1966. 
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(7) Provide t h e  fo l lowing  documentation: 
( i )  Technical  
Monthly Progress  Report 
F i n a l  Summary Progress  Report  
All Drawings 
T e s t  Procedures  
T e s t  Resu l t s  
F a i l u r e  Reports  
Material Reports  
E l e c t r o n i c  Components L i s t  
Operat ing and Maintenance Manual 
( ii) Admin i s t r a t ive  
A) 
B) 
c) 
Monthly S t a t u s  and Cost Report  
Monthly S t a t u s  and Cost Report  Summary 
Monthly Cost Report ,  J P L  0330 
(8) Conform t o  t h e  fo l lowing  cond i t ions  of opera t ion :  
(i) Overall management of t h e  f a c i l i t i e s  is  the r e s p o n s i b i l i t y  
of t h e  Jet  Propuls ion Laboratory.  
personnel  sha l l  be  the  r e s p o n s i b i l i t y  of t h e  Cont rac tor .  
Supervis ion of Cont rac tor  
(ii) Upon execut ion  of t h i s  Con t rac t ,  an on-lab supe rv i so r  is  t o  be  
appointed by t h e  Contractor  from t h e  d i r e c t  l a b o r  l i s t e d  
h e r e i n  t o  be  r e spons ib l e  f o r  t h e  d i r e c t i o n  of a l l  Cont rac tor  
personnel .  
.. . . 
Vi i )  The Cont rac tor  s h a l l  main ta in  f o r  assignment t o  the e f f o r t  
s u f f i c i e n t  personnel  w i t h  competence levels  as fol lows:  
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Category 1: Design S p e c i a l i s t  
Minimum requirement - Degree. F ive  ( 5 )  
years ' exper ience  i n  s o l i d  s ta te  c i r c u i t  
des ign  and p r e f e r a b l y  i n  t h e  m i c r o e l e c t r o n i c s  
f i e l d .  
Category 2: Assoc ia te  Engineer 
Minimum requirement - Degree. Two (2 )  
years ' exper ience  i n  s o l i d  s ta te  e l e c t r o n i c s ,  
p re fe rab ly  i n  t h e  mic roe lec t ron ic s  f i e l d .  
Category 3: Technician 
Two (2) y e a r s  exper ience  i n  f a b r i c a t i o n  and 
t e s t i n g  of s o l i d  s ta te  e l e c t r o n i c s ,  p r e f e r a b l y  
i n  mic roe lec t ron ic s  f i e l d .  
( i v )  The Cont rac tor  s h a l l  b e  r e spons ib l e  f o r  s e l e c t i n g  personnel  
who are w e l l  q u a l i f i e d  t o  perform t h e  r equ i r ed  work, s u b j e c t ,  
however, t o  t h e  i n i t i a l  and cont inuing  approval  of JPL. J P L ,  
through i t s  cognizant Cont rac t  Negot ia tor ,  may, i f  i t  f i n d s  i t  
t o  be  i n  i t s  b e s t  i n t e r e s t ,  d i r e c t  t h e  Con t rac to r  t o  remove 
o r  r e p l a c e  any Contractor  employee o r  employees ass igned  t o  
t h i s  e f f o r t  and the Cont rac tor  s h a l l  f o r t h w i t h  comply w i t h  such 
d i r e c t i o n .  
(v) The Cont rac tor  s h a l l  n o t  remove o r  r e p l a c e  personnel  approved 
by JPL and ass igned  t o  t h i s  program wi thout  w r i t t e n  permission 
from JPL . 
(vi)  The work day s h a l l  begin upon a r r i v a l  of personnel  a t  JPL and 
s h a l l  t e rmina te  upon their  depa r tu re  therefrom. Notwithstanding 
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t h e  above, Cont rac tor  personnel  may o c c a s i o n a l l y  be  expected 
t o  work unusual hours  f o r  extended pe r iods  of t i m e  a t  no i n c r e a s e  
i n  f e e  t o  t h e  Contractor .  
( V i i )  A l l  Cont rac tor  personnel  s h a l l  b e  governed by JPL s a f e t y  
r e g u l a t i o n s  and ope ra t iona l  procedures .  
(viii) Secur i ty  clearances t o  a level  of CONFIDENTIAL s h a l l  b e  provided 
by t h e  Cont rac tor  f o r  a l l  Cont rac tor  personnel  a s s igned  t o  t h i s  
e f f o r t .  When requi red  by JPL, c l e a r a n c e s  of  h i g h e r  c l a s s i f i -  
c a t i o n s  s h a l l  be  provided. 
(id The p rov i s ions  of ARTICLE GP-17, GOVERNFIENT PROPERTY, t o  t h e  
c o n t r a r y  notwi ths tanding ,  i t  i s  understood and agreed  t h a t  t h e  
r e s p o n s i b i l i t y  f o r  maintaining r eco rds  f o r  t h e  c o n t r o l  of 
Government p rope r ty  and t h e  a c c o u n t a b i l i t y  f o r  such proper ty  
from a record  c o n t r o l  s t andpo in t  s h a l l  b e  i n  JPL, and t h e  Con- 
t r a c t o r  i s  n o t  requi red  t o  main ta in  any r eco rds  as r equ i r ed  
by NPC 105, NASA I n d u s t r i a l  Proper ty  Cont ro l  Manual. It is 
agreed ,  however, t h a t  t h e  p rov i s ions  of t h i s  paragraph s h a l l  
i n  no way relieve the  Cont rac tor  of l i a b i l i t y  f o r  l o s s  o r  damage 
t o  Government proper ty  as provided i n  paragraph ( f )  of ARTICLE 
GP-17, GOVERTWNT PROPERTY. 
(b) JPL w i l l  make a v a i l a b l e :  
(1) A l l  computer t i m e  deemed necessary  by t h e  JPL Technica l  Represen- 
ta t ive f o r  equipment checkout a t  JPL. 
(2)  Technical  a s s i s t a n c e  deemed necessary  by t h e  J P L  Technica l  Repre- 
s e n t a t i v e  t o  Cont rac tor  personnel .  
(3 )  Necessary t o o l s ,  equipment and Laboratory f a c i l i t i e s  needed f o r  
t h e  performance of t h e  e f f o r t  s e t  f o r t h  he re in .  
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APPENDIX B 
REPORT ON PRELIMINARY DESIGN REVIEW OF THE 
HYPER-RUGGEDIZED IMAGING SYSTEMS ELECTRONICS 
, 
. .  13 June  67 
' CFC 
Report on Pre l iminary  Design Review of t h e  
Hyper-Ruggedized Imaging System E l e c t r o n i c s  
On May 9 ,  t he  Design Review Team met wi th  r e p r e s e n t a t i v e s  of  t h e  s t u d y  
c o n t r a c t o r ,  Ryan, t o  review the results of t h e i r  Phase I a c t i v i t i e s .  
The o b j e c t i v e s  of t h e  program are d e l i n e a t e d  i n  Attachment "A." 
D e t a i l e d  d e s c r i p t i o n s  were p resen ted  of t h e  b lock  diagrams and c i r c u i t  
diagrams. Most of t h e  elements  of  t h e  system had been breadboarded and 
t e s t e d .  
. The b l o c k  diagram of t h e  complete system showed no p r o v i s i o n  f o r  e x t e r n a l  
c o n t r o l  of t h e  camera f u n c t i o n s  as, f o r  example, o v e r r i d e  of t h e  au tomat ic  
g a i n  c o n t r o l  o r  s e l e c t i o n  of s h u t t e r  speeds .  
range and extremes f o r  which t h e  c i r c u i t r y  is  be ing  designed are good. 
e v e r ,  i f  des igning  f o r  o p e r a t i o n  at 25 C 
performance,  i t  may be. d e s i r a b l e  t o  relax t h i s  requirement  and- r e l y  on a 
t empera tu re  c o n t r o l  system t o  main ta in  o p e r a t i n g  tempera tures .  It should  b e  
no ted  t h a t  o t h e r  elements of a landed s p a c e c r a f t  system are n o t  l i k e l y  t o  b e  
des igned  f o r  t h i s  l a r g e  range of temperatures .  
n i z e d  system w a s  developed us ing  o s c i l l a t o r s  w i thou t  c r y s t a l s  because,  
c r y s t a l s  are d i f f i c u l t  t o  make cope wi th  h igh  tempera ture  and h igh  shocks.  
The environmental  t empera ture  
75' C e n t a i l s  some s a c r i f i - c e  i n  
How- 
0 
It was s t a t e d  t h a t  a synchro- 
The t w o  major f a c t o r s  which d i f f e r e n t i a t e  t h i s  system from o t h e r  prev ious  
s p a c e  i f is t rument  systems are the  s t e r i l i z a t i o n  and h igh  impact requi rements .  
The a p p a r e n t l y  r a t h e r  s u b j e c t i v e  eva lua t ion  of t h e  e f f e c t  of t h e  s t e r i l i z a t i o n  
t empera tu re  c y c l e s  on t r ans fo rmers ,  and the l a c k  of any d e t a i l e d  e v a l u a t i o n  of 
s t e r i l i z a t i o n  e f f e c t s  on o t h e r  components l e a d s  one t o  t h e  conclus ion  t h a t  n o t  
enough a t t e n t i o n  i s  be ing  g iven  t o  the need t o  meet t h i s  requirement .  
. .  
. 
A t  no - a  
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t i m e  was d i scuss ion  of t h e  s u b j e c t  brought  f o r t h  by t h e  r e p r e s e n t a t i v e s  
from Ryan E l e c t r o n i c s .  Whenever t h e  ques t ion  of s t e r i l i z a t i o n  was r a i s e d ,  
i t  w a s  qu ick ly  pu t  back t o  bed wi th  one of two answers:  (1) t h e  publ i shed  
l i t e ra ture  had been read ,  o r  (2) a new g e n e r a t i o n  of components is being  
used and proof of s t e r i l i z a b i l i t y  cannot ca t ch  up wi th  t h e  s t a t e -o f - the -  
a r t .  
Component Evalua t ion  Group h e r e  a t  JPL  and component manufac turers  can 
provide  a cons ide rab le  amouiit of informat ion .  However, t h e r e  is l i t t l e  
' in format ion  now a v a i l a b l e  on the '  e f f e c t s  of s t e r i l i z a t i o n  on in t eg ra ' t ed  
' 
There is no need t o  w a i t  f o r  in format ion  t o  b e  publ i shed .  The 
c i r c u i t s .  This  should be  eva lua ted  b e f o r e  they  are u t i l i z e d .  
During t h e  remainder of t h e  program, more c o n s i d e r a t i o n  should  b e  g iven  
t o  t h e  s t e r i l i z a t i o n  requirement .  
cons ide rab le  wasted e f f o r t  and redes ign  later i n  t h e  program. 
Neglect  a t  t h i s  t ime can r e s u l t  i n  
Aside from t h e  off-hand remark concerning t h e  a b i l i t y  of c r y s t a l s  t o  wi ths t and  
shock, no c o n s i d e r a t i o n  has  appa ren t ly  been g iven  so f a r  t o  t h e  s t r u c t u r a l  
and mechanical  aspects 'of  packaging t h e s e  e l e c t r o n i c s  f o r  s u r v i v a l  of h igh  
impact shock. 
The e l e c t r o n i c s  block diagram was similar t o  t h a t  of t h e  Mariner  IV camera 
and, as such,  should invo lve  only  a few d i f f i c u l t  c i r c u i t  des ign  problems. 
There is inc luded  i n  t h e  c i r c u i t  diagrams, a m i x  of i n t e g r a t e d  and d i s c r e t e  
components. Sub jec t  t o  t h e  previous comment r ega rd ing  t h e  l a c k  of  informa- 
t i o n  on  s t e r i l i z a b i l i t y  of i n t e g r a t e d  c i r c u i t s ,  a d d i t i o n a l  e f f o r t  should  b e  
expended t o  reduce t h e  amount of d i s c r e t e  component c i r c u i t r y .  
l a r g e  v a r i e t y  of i n t e g r a t e d  c i r c u i t  types  imposes a requirement  f o r  a l a r g e  
number of d i f f e r e n t  power supply  vo l t ages .  
r e l i a b i l i t y  and e f f i c i e n c y .  
The r e l a t i v e l y  
This may r e s u l t  i n  a lower 
. . .  
-. 
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The following pote3tially.troublesome areas were noted in examining 
circuit design details: 
a. How much magnetic shielding will be required for the vidicon 
. yoke, and what is allowable residual magnetic field? (Presently undefined.) 
b. Active twin-tee filters may introduce undesirable ringing to steep 
wavefronts because of non-linear phase-shift characteristics. Suggest 
' either Bessel, or Butterworth-Thompson form. 
I?. 
I '  
c. Active filter bandpass may show undesirable temperature sensitivity. . : 
d. Does 1.536 MC clock incorporate "sure-start" circuitry, to preclude 
a lock-up at low-temperature? 
e. Are vertical deflection drivers (2N2222 and 2N722) adequately I 
derated for peak collector dissipation? 
f .  Can baseband video recovery be improved by utilizing synchronous 
detection? 
These areas require further investigation prior to design of the prototype. 
Recommendations 
It is recommended that the two major critical areas, sterilization and high 
impact shock, be given considerably more attention if the program objectives 
delineated on Attachment "A" are to be met. Specifically, the ability of 
each materia1,cornponent and potential assembly of the system to withstand 
the sterilization procedures should be examined and a circuit design evolved 
utilizing only components known to be capable of surviving these. The shock 
survival capabilities of components and assemblies are too  dependent upon 
. 
. -  
. .  
. .  
. .  
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packaging to be independently assessable. 
that packaging design criteria be prepared for the shock survival 
'It is therefore recommended 
requirement. 
The t o t a l  environmental requirement problem could be dealt with more 
meaningfully in the context of a hypothetical mission and system applica- 
tion. 
assumed and the consequent environmental requirements defined for this 
It is recommended that at least one such hypothetical mission be 
. study. 
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APPENDIX C 
RYAN RESPONSE TO PRELIMINARY 
DESIGN REVIEW REPORT 
APPENDIX C 
Ryan Response t o  Pre l iminary  Design Review Report ,  (Appendix B) 
The comments from t h e  Design Review Board on t h e  Ruggedized Imaging 
System are apprec ia ted .  Where p o s s i b l e  t h e  recommendations of t h e  board 
were followed. Tne answers t o  t e c h n i c a l  ques t ions  vhich c o d d  n o t  b e  
f u l l y  provided a t  t h e  t i m e  of t h e  des ign  review are g iven  i n  t h i s  appen- 
dix.  
Add i t iona l  work w a s  recommended by t h e  des ign  review board i n  t h e  c r i t i c a l  
areas of s t e r i l i z a t i o n  and h igh  impact shock. Ryan ag rees  wi th  t h i s  recom- 
mendation. 
t o  do a d e t a i l e d  s tudy  on e f f e c t s  of  s t e r i l i z a t i o n  and shock on e l e c t r o n i c  
During Phase 1 of t h i s  program,time w a s  n o t  a l l o t t e d  t o  Ryan 
p a r t s .  
z a t i o n  Candidate L i s t ,  ZPP-2010-SPi-C, where poss ib l e .  
p a r t  r equ i r ed  f o r  a s t a t e  of t h e  a r t  c i r c u i t  des ign  d i d  n o t  appear  on t h i s  
l i s t .  I n  t h e s e  cases t h e  p a r t  was s e l e c t e d  from t h e  JPL P r e f e r r e d  Par t s  
L i s t ,  t h e  Ryan Space P r o j e c t s  P re fe r r ed  Par ts  L i s t  o r  t h e  b e s t  a v a i l a b l e  
d a t a .  
p a r t s .  
The p a r t s  used were s e l e c t e d  from t h e  JPL E l e c t r o n i c  P a r t  S t e r i l i -  
I n  many cases t h e  
The Ryan R e l i a b i l i t y  Group w a s  consul ted  h e a v i l y  on s e l e c t i o n  of 
Frequent con tac t  w a s  also made wi th  t h e  JPL r e l i a b i l i t y  group. 
The major p o r t i o n  of t h e  des ign  e f f o r t  t o  wi ths tand  h igh  impact shock w i l l  
b e  concent ra ted  i n  t h e  pro to type  des ign  phase of t h i s  program. 
ment t o  wi ths tand  h igh  shock environment w a s  s t r o n g l y  considered i n  t h e  
s e l e c t i o n  of c i r c u i t  type  and e l e c t r o n i c  p a r t s .  
t r ans fo rmers ,  i nduc to r s ,  and large c a p a c i t o r s  were rep laced  by equ iva len t  
e l e c t r o n i c  c i r c u i t r y  where f e a s i b l e .  
t o  reduce moments. 
develop mlzrzcircuit hybr ids  of typ ica l .  d i g i t a l  and analog c i r c u i t s  used 
i n  t h e  Ruggedized Imaging System,in o r d e r  t o  reduce t h e  number of d i s c r e t e  
p a r t s  which must b e  supported against h igh  impact. 
is  i n  p rogres s  as of t h i s  wr i t ing .  
The requi re -  
Massive i t e m s  such as 
Component s i z e  w a s  he ld  t o  a minimum 
Exploratory work i s  cont inuing  i n  house a t  Ryan t o  
Tes t ing  of t h e s e  hybr ids  
c-1 
It w a s  s t a t e d  t h a t  l i t t l e  informat ion  about t h e  e f f e c t s  of s t e r i l i z a t i o n  on 
i n t e g r a t e d  c i r c u i t s  w a s  a v a i l a b l e ,  and t h a t  they  should b e  eva lua ted  
be fo re  they are u t i l i z e d .  It i s  t r u e  t h a t  more informat ion  is d e s i r a b l e ,  
however, a r e p o r t  by JPL's John Visser states t h a t  a f t e r  8000 hours  of  
t e s t i n g , " S t a t i s t i c a l  a n a l y s i s  t o  da te  has  r e s u l t e d  i n  no s i g n i f i c a n t  f a i l u r e  
modes due t o  h e a t  s t e r i l i z a t i o n . "  The observed f a i l u r e s  were t h e  r e s u l t  
of poor q u a l i t y  c o n t r o l  and inadequate  sc reen ing  tests. 
t i o n  i n d i c a t e s  t h a t  i n t e g r a t e d  c i r c u i t s  w i l l  meet t h e  s t e r i l i z a t i o n  r equ i r e -  
ment b u t  t h e  enforcement of good q u a l i t y  c o n t r o l  and sc reen ing  procedures  
w i l l  b e  e s s e n t i a l .  
Ava i l ab le  informa- 
Two o t h e r  comments were made about t h e  use  of i n t e g r a t e d  c i r c u i t s .  
was t h a t  more e f f o r t  should be expended t o  reduce t h e  amount of d i s c r e t e  
components c i r c u i t r y , a n d  t h e  o the r  expressed concern because a l a r g e  
v a r i e t y  of i n t e g r a t e d  c i r c u i t  types imposes a requirement f o r  a l a r g e  
number of d i f f e r e n t  power supply vo l t ages .  
v o l t a g e s  developed,most of them are r equ i r ed  by t h e  v id icon .  The c i r c u i t r y  
requirement  i s  only +5 vdc f o r  t he  g r e a t  ma jo r i ty  of t h e  d i g i t a l  i n t e g r a t e d  
c i r c u i t s ,  and 26 vdc and 212 vdc f o r  t h e  rest of t h e  c i r c u i t s .  This  number 
of supply vo l t ages  i s  n o t  unusual f o r  systems of t h i s  s i z e .  
because t h e  g r e a t e s t  l oad  c u r r e n t  demand can be  suppl ied  from t h e  26 vdc sup- 
p l i e s ,  b u t  t12 vdc is  requi red  by much of t h e  c i r c u i t r y ,  e f f i c i e n c y  is 
inc reased  by us ing  both 26 vdc and t12 vdc. 
implement more func t ions  wi th  i n t e g r a t e d  c i r c u i t s ,  and every e f f o r t  w a s  
made t o  do so,  those  i n  t h e  breadboard were t h e  only ones a v a i l a b l e  which 
could  be  e f f i c i e n t l y  used. 
and made commercially a v a i l a b l e , o r  e x i s t i n g  p r o p r i e t a r y  custom developed 
i n t e g r a t e d  c i r c u i t s  r e l eased  f o r  open sa l e ,  hybrid c i r c u i t s  o f f e r  t h e  only 
expedient  means t o  f u r t h e r  min ia tu r i ze  t h e  system. 
One 
While t h e r e  are a number of 
Add i t iona l ly ,  
Although i t  i s  d e s i r a b l e  t o  
Unless o t h e r  i n t e g r a t e d  c i r c u i t s  are developed 
The fo l lowing  s p e c i f i c  ques t ions  were l i s t e d  i n  t h e  des ign  review r e p o r t .  
Answers are given fo l lowing  each quest ion.  
a 
c-2 
a) How much magnetic s h i e l d i n g  will b e  r equ i r ed  f o r  t h e  v i d i c o n  yoke, 
and what i s  a l lowable  r e s i d u a l  magnetic f i e l d :  (P resen t ly  undefined.)  
The magnetic s h i e l d i n g  requirements are no t  y e t  known s i n c e  t h e  
a l lowab le  f i e l d  is  no t  def ined.  
b) Active twin-tee f i l t e r s  may in t roduce  undes i r ab le  r i n g i n g  t o  s t e e p  
wavefronts  because of non-linear phase-sh i f t  c h a r a c t e r i s t i c s .  
e i t h e r  Bessel, o r  Butterworth-Thompson form. 
Suggest 
A moderate amount of r i n g i n g  a t  t h e  resonant  f requency does occur  
i n  t h e  band pass  f i l t e r s  when s t e e p  wave f r o n t  s t e p  f u n c t i o n s  are 
app l i ed  as would b e  expected. The Q of t h e  f i l t e r s  are low, 
however, and t h e  r ing ing  damps quick ly .  There are no h i g h  f r e -  
quency r i n g i n g  components which would a f f e c t  t h e  o p e r a t i o n  when a 
76 KC squa re  wave i s  appl ied .  
c )  Active f i l t e r  bandpass may show undes i r ab le  temperature  s e n s i t i v i t y .  
Detail  tempera ture  test d a t a  w a s  n o t  taken on t h e  frequency 
s t a b i l i t y  of t h e  active bandpass f i l t e r s .  The o v e r a l l  ga in  of t h e  
bandpass a m p l i f i e r s  w a s  checked over  temperature  and found t o  have 
good s t a b i l i t y .  
Ryan has  i n d i c a t e d  t h a t  t h e  frequency s t a b i l i t y  can be  he ld  w i t h i n  
t h e  p r a c t i c a l  l i m i t  o f  component t o l e r a n c e s .  Frequency s t a b i l i t y  
of +_2% i s  achieved over a -50 C t o  +80 C range i n  an  i t e m  of 
m i l i t a r y  hardware produced by Ryan. 
Experience on s imilar  active f i l t e r  c i r c u i t s  a t  
0 0 
d) Does 1.536 MC c lock  inco rpora t e  " su re - s t a r t "  c i r c u i t r y ,  t o  prec lude  
a lock-up a t  low temperature? 
The c lock  c i r c u i t  does employ a "sure  start" c i r c u i t  t o  i n s u r e  
turnon under a l l  condi t ions .  Temperature t e s t i n g  over  t h e  range 
of -5OOC t o  +lo0 C w a s  performed t o  confirm r e l i a b l e  o p e r a t i o n  
of t h i s  c i r c u i t .  
0 
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e) A r e  v e r t i c a l  d e f l e c t i o n  d r i v e r s  (2N2222 and 2N722) adequate ly  d e r a t e d  
f o r  peak c o l l e c t o r  d i s s i p a t i o n ?  
0 
The 2N2222 and 2N2907 vertical  d e f l e c t i o n  d r i v e r s  were used i n  t h e  
. breadboard wi th  convect ive cooled h e a t  s i n k s  as a s u b s t i t u t e  f o r  
types  2N2219 and 2N2905 which w i l l  be  c a l l e d  ou t  f o r  t h e  f i n a l  
package. 
f )  Can baseband video recovery be improved by u t i l i z i n g  synchronous d e t e c t i o n ?  
The use  of a synchronous, o r  coherent  d e t e c t o r ,  r a t h e r  than  t h e  
envelope d e t e c t o r  may improve t h e  s igna l - to-noise  r a t i o  from 1 t o  
3 db, over  t h e  range of  s igna l - to-noise  r a t i o s  of i n t e r e s t .  
o r d e r  t o  o b t a i n  th i s  improvement, however, t h e  re la t ive phase s h i f t  
o f  t h e  s i g n a l  m u s t  be  c a r e f u l l y  c o n t r o l l e d  through t h e  a m p l i f i e r s  
and f i l t e r s .  
s igna l - to-noise  improvement warran ts  t h e  a d d i t i o n a l  compl ica t ions  
imposed by a synchronous d e t e c t o r .  
In 
It is  n o t  be l ieved  a t  t h i s  t i m g t h a t  t h e  p o t e n t i a l  
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